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ln the previous paper (Ito, 1970), the writer rcportetl on t-he growth form of 
l'iburmnn dilatatum, a kind of occasionally palatable plant for deer, browsed by 
deer and its distribution in Kinkazan Island. The communities of this shrub, 
r iburmt-rn dilatutum are widely distributed in tlrn island, especially as the 
shrub layer of the Abies finna-Carpimts tsclwnoskii community and of the 
ilhscantlms 8i·nensis-Pteridium aquilinurn var. latiusculum community, occupying 
the area about 200 meters above the sea level in the island. The shrub occasionally 
takes a dwarf form due to the continuous heavy browsing concentrating in early 
summer on t-he newly grown twigs with fine hranching and microphylly. This dwarf 
form is a useful indicator of the historical trends of the deer browsing. Besides this 
~pecies, there are seyeral other plants in the island which respond in Rimilar marull'r 
to the o,·er use of the deer. These species are designated as resistant plants. TJw 
pre.'ient species, Rhododendron J{aempferi, is one of these plants. An attempt 
was made to investigate the relationRhip between the deer density and the 
<liRtribution of this indicator plant in the island. 
Tn the present paper, various types of growth form of Rhododendron H.aempferi 
induced by deer browsing and their distribution in Kinkazan Island with i-pecial 
reference to deer density are presented. 
Before proceeding further, the writer wishes to expreMM his cordial thanks to 
Dr. i\Iutsuo Kato, President of the Tohoku University for his direction during the 
course of this investigation and for his critical reading of the manuscript. Thanks 
l) ContributionR from the Marine Biological Station, Tohoku UniYersity, Aomori City, 
No. 400 
2) Cont.ribution from JIBP-8T No. 117 
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iue due to Professor Kuniji . Yoshioka of the Biological Institute, Tohoku 
University and Professor Eturo Hirai, Director of the Marine Biological 
Station of Asamushi, Ti:hoku University for their fruitful advices. 
METHODS OF OBSERVATION 
The field observation of the shrub form and the distribution were made twice, 
i.n May and June 1969, by the method of contour line transect counts. The writer 
traversed the island along nine contour lines from 50 to 450 meters above sea level 
at intervals of 50 meters, and recorded the width of the area in which the 
respective communities were distributen and the types of the shrub forms on a 
map. 
RESULTS 
1. Shrub form 
The various types of shrub form of Rhodode1ulron Kaempferi on Kinkazan Island 
are shown in Fig. I. As in the case of Viburwum d·ilatatum, the shrub form of this 
species distributed in the island was classified into two forme; the normal form and 
the browsed form. The latter was distinguished into two forms, (1) simple browsed 
form and (2) compound browsed form. According to thciT shrub height, the normal 
and the compound browsed forms were divided into two groups respectively, one 
was shorter than 1.8 meters and the other taller. The simple browsed form of 1.8 
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Fig. 1. Some types of shrub form. Normal form is divided into two types according to 
height. Simple browsed form has two kinds of shapes. Almost. all of the shrubs on 
Kinkaza,n Island are classified into these forms . 
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over the height. This height is the browse line of this plant in the island. The 
term of 'browse line' is defined on the maximum height above ground the leaves, 
twigs, flowers, or other parts of a browse plant have been consistently used by 
foraging deer (Linsdale & Tomich, 1953). Where there is a heavy browsing 
pressure on the vegetation, the browse line is distinct. This phenomenon is most 
noticeable on plants thick with foliage, such as Y iburnum and Rhododendron. 
(1) Normal form (Fig. 2) 
The normal form is not heavily utilized, but shows a relatively normal form 
under light to moderate browsing pressure. I t takes the inverse triangular form 
by dense covering. In early summer it produces many reddish flowers at the 
crown. Commonly, it attains about 2 meters in shrub height, but there are 
some cases in a dense mass of this community where it is less than this height. 
The internode length of its twigs are relatively longer than that of the browsed 
form and the leaves are longer. 
(2) Simple browsed forin 
The simple browsed form is divided into two types, one is of carpet-like form 
Fig. 2 Normal form of Rhododendron Kaernpferi community. Commonly, it attains 
about 2 m in height but there are some cases in a dense mass where it is less than this 
height. 
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Fig. 3 Carpet-like type of simple browsed form of Rhododendron Kaempferi communi ty. 
It prostrates itself on the ground surface. 
Fig. 4 Club-shaped type of simple browsed form of Rhododendron Kaempferi with finely 
branching twigs and small leaves. 
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l<'ig. 5 Compound browsed form of Rhododendron Kaempferi. The stem of the simple 
browsed form arises at a point not easily accessible to the deer mouth and grows up to 
the normal form. 
prostrating on the ground surface as the undergrowth of the forest (Fig. 3) and the 
other is of cone-shaped or club-shaped form with finely branching twigs and small 
leaves (Fig. 4). The :flowers are not produced on these types because of the deer 
clipping on their flower buds. 
(3) Compound browsed form (Fig. 5) 
Sometimes, the browsed stem of the simple browsed form arises at a point not 
easily accessible to the deer and eventually grows to the normal form which flower. 
This is the compound browsed form. Notwithstanding the same stem, the 
internode length of the unbrowsed higher twigs is longer than that of the 
browsed lower ones, and the leaf-size is in the same relation. On the marginal area 
of the thick community of the normal form the compound browsed form is 
occasionally observed. 
2. Distribution of Rhododendron J(aempferi communities 
The distribution of the normal and browsed forms of Rhododendron Kaempferi 
communities on Kinkazan Island is shown in Fig. 6. The vegetative featnres in 
the figure except for this community are offered by Yoshioka (unpublished). 
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Fig. 6 Distribution of various growth forms of Rhododendron Kaempferi communitie~ on 
Kinkazan Island. The vegetative features in this map except this shrub were received 
from Yoshioka (unpublished). 
part of the area at 150 meters and more above sea level in the island, above all in 
the area of 250-300 meters and more in altitude large communities are observed. 
This area is the Fagus crenata-Oarpinus tschonoskii forest zone including the upper 
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part of the Abie;; .finna and deciduous broad-leaf tree forest zone. ln the humid 
bottomlands of this area the communities are not abundant because variom; 
kinds of skiophytic plants are dominant. On the contrary. large communities 
develope on the sunny ridges facing the east and south. The larger part of the 
forest floor under the Fagus forest zone is ocenpied by the community of 
Leucotlwe Grayana var. pruinosa. in the i8land, whereas the Rhododendron community 
is dominant in the sunny dpening where the forest canopy layer is destroyed. In 
the Abies forest zone, spreading below the Fagus zone in the area of 50- 200 
meters altitude, the shrub layer is dominated by Viburnum dilatatwm instead of 
Rhododenclron J(aempferi. The Rhododendron community is al,;o scarce in the 
Pinus forest. 
Two characterii;;tic tendencies of the distribution of variom :-;hrub forms in the 
island are recognized; (1) large communities of the normal form are distributed on 
the sunny ridges extending from the eenter to the south areas, (2) in another area 
most shruus is the browsed form, especially in the north-facing slope the carpet-
like browsed form exceed the other areas in number. 
In the area of 250 meters and more above sea level tlie type of most 
communities is the cone-shaped or club-shaped simple browsed form . On the ridges 
of these areas some general formation of the distribution pa.ttcru is recognized, 
namely, the shrub of the simple browsed form thickly covers the top of the ridge 
a.nd the normal form becomes more abundant at the southern side and the carpet-
like browsed form at the northern. On the open site of the northern ridge the 
carpet-like browsed form i8 scattered on the ground floor with the communities of 
Leucoth.oe. 
DISCUSSION 
Recently, the Japanese Silm deer, Cervus nip11on nippon, on Kinkazan faland 
wa8 investigated ecologically Ly i;;everal researchers (lto, 1967, '68, '70, Asahi, et al., 
1967, Abe, et al., 1970, Abe, 1971 ). According to Asahi, et al. (1967) about 400- 450 
deer inhabite this island. They are widely hut not uniformly distributed from the 
sea shore to the top of the island. Based on the census of 1956-'57 (Ito, 1967), 
the deer population was classified into three groups, (1) Shrine group, (2) 
Shikayama grassland group and (3) lVIountain group. The respective density of 
the groups I, II and III was 76- 78, 46 and 39 heads per square kilometer, and the 
average was 47. FTOm the results, it seems to be clear that the deer population in 
this island reaches a extremely high level. They inflict serious damage upon the 
vegetation, 
Comparison of the vegetations uetween Kinkazan l8laml and other localitie:-; 
was done by Yoshioka (1960). According to his report, the temperate forest of 
Japan, as a rule, has a thick undergrowth which i;; classified into subtree, shrub and 
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Fig. 7 Distribution of browsed forms of Rhododendron. Kaempferi and Viburnum dilata-
f.u-m on Kinkazan Island. 
herb layer:,, but the forest in Kinkazan Island lack the subtree and shrub layers 
with some exceptions. The herb layer in the island, on the contrary, is not less 
covered with many species than those of other localities. In addition to these 
differences there is a difference in :fl.oral composition. 
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There are many specific plant communities induced by deer grazing and 
browsing (Yoshioka & Kashimura, 1959) and they are mainly composed of 
unpalatable or resistant plants. Their various shrub forms and distributions in 
the island show the historical trends of the overusing of the deer. They are useful 
indicators to analyze the dynamics of the deer population in the past and present. 
The distributions of the browsed forms of Rhododendron Kaempf eri and 
Viburnum dikitatum on Kinkazan Island are shown in Fig. 7. The vegetative 
features in the figure except these communities are offered by Yoshioka 
(unpublished). 
Although the distributions of these two kinds of communities are slightly 
different, that is to say, the former is more abundant in the Fagus forest zone 150 
meters and more in altitude, and the latter is in the Abies forest zone and grassland 
200 meters and below, there is something in common between the two iu that they 
are xerophilous and scarce in the eastern half of the islaud and in the Pinus forest 
zone. Following the figure the communities of their browsed forms concentrate 
together in the north-western quadrant of the island. This area is covered by the 
whole of the gronp I, most of group II and only the northernmost of the group 
III area. As mentioned above, the group I area has the highest deer density. 
The abundance of the browsed from show.:i some correlation with the deer density. 
Owing to the prevailing wind from the northwest, the soil of the west and 
northwest areas tend to be dried up and have various kinds of xerophytic plants. 
The distribution of these plants may be influenced by several environmental 
factors, that is, topographical feature, climatic condition, humidity of soil, 
vegetation, and so on. In addition to these factors the extent of deer browsing 
pressure may constitute to the various shrub forms in the respective areas. 
In Kinkazan Island, at present, both types of the simple browsed and the 
compound browsed form of these shrubs are influenced directly by deer browsing. 
The B-type of the normal form is not affected by the deer because they cannot 
reach over the height but the A-type is the important indicator to estimate the 
deer density in the island because this type is not used as forage or slightly 
browsed by the deer notwithstanding the shrub grows at a height easily accessible 
to the deer mouth. The area in which large communities of this normal A-type 
distribute cannot be observed in the island. Small grouping of this type are only 
scattered in the Miscanthus grasslands with some communities of the browsed form 
or in the humid bottomlands. 
Consequently, it may be conceivable in Kinkazan Island that most communities 
of Rhododendron Ifoempferi and Viburnum dilatatum except their normal form B-
types are extremely subjected to heavy deer browsing. 
Generally speaking, the Japanese Sika deer are essentially inhabitants of the 
marginal area of natural forest and open grassland, and their herds tend to become 
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large in open environments than in dense forest. They are grazing animals 
rather than browsing ones on the island, so that the open grassland occupies an 
important position in their food supply. From the results of the writer's further 
observations (Ito, 1968), the average number per herd was 5.8 in the open field and 
1.7 in the forest, though it varies with seasons, topography and vegetation types. 
Even in the grassland the herd size is largely different because of the amount of 
useful forage for the deer. The large herd in the Shikayama grassland located in 
group II area is related to the abundancy of Zoisia and Arundinar·ia communities 
in contrast with the great abundance of Miscanthus community with less value as 
forage in the Nioo grassland in group III area where the herd is smaller. 
Even if the shrine and the Asahigaoka deer park were not situated on the 
western area of the island and in the neighbouring where the feeding by 
Fig. 8 Coprophagous beetles, Geotrupes auratus, swarm round the dung. 
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artificial forages were not carried, the vegetation of this area would have a potency 
to support a larger deer population than in the eastern half. 
Some interesting relations between the deer density and the deer dung, 
coprophagous beetles and ticks show the same correlation between the deer 
density and the distribution of the browsed plants. 
According to the studies of the spatial and seasonal distribution of the deer 
dungs in Kinkazan Island (Abe & Yoshiwara, 1970), the pellet groups are abundant 
in winter months and extremely few in summer months. Such a seasonal striking 
trend results from the activity of coprophagous beetles, among which that of 
Geotrupes auratus (Fig. 8). At the area where the coprophagous beetles could be 
captured abundantly in summer, many dungs were seen in winter and conversely 
where few bettles were captured in summer, few dungs could be seen even in winter. 
It seems possible to presume the abundance of pellet groups with some correla-
tion by the abundancy of the coprophagous beetles. Most areas where the dung is 
abundant are the distribution areas of the browsed form and conversely where the 
dung is not abundant, of the normal form of the resistant plants. 
Meanwhile, the studies on the seasonal distribution of these bettles by the 
method of baited pitfall traps containing deer dungs in Kinkazan Island were done 
by Sonobe (1970, '71). From his results, the distribution of Geotrupes auratus 
Fig. 9 Ticks, Haemaphysalis jla.va, cling to the tip of Miscanthus leaf and expand their 
fore-legs, being ready to cling to the host when coming into contact. 
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was well correlated with that of the pellet groups collected mainly in the winter 
season. 
In Kinkazan Island, various kinds of the bloodsucking populations are abun-
dant. Among them ticks, Haemaphysalis flava (Fig. 9), a:re the most abundant 
and active throughout the year with seasonal fluctuation (Nishihira, 1971). 
The data of Nishihira's autumn sampling show the highest density in the 
Miscanthus grassland, and next in the Arnndinaria grassland. On the contrary, 
in several patches of Leucothoe and Senecio, which are unpalatable for deer, the 
density is the lowest. Consequently, the abundancy of the ticks is greatly 
influenced by the vegetation. On the whole island the tick populations concentrate 
in the vicinity of the summit and in the north-western quadrant involving the 
Shikayame. grassland. This trend in the spatial distribution may be similar to that 
of 'Geotrupes auratus. 
As mentioned above, some remarkable interrelations between the deer 
population and the vegetation, and some animals other than the deer are observed 
in the ecosystem of Kinkaza.n. Island. Furthermore, the vegetational studies on 
palatable and unpalatable plants should be necessary for the analysis; of the 
structure of the ecosystem. In the island, at present, only a few low p~latable 
plants remain in paticular areas where the deer cannot reach (Hiroki, et al., 1970), 
and most of the shrubs and herbs consist of unpalatable and resistant plants. The 
deer population depends on these plants. The vegetational features of the island 
are maintained by deer browsing and grazing and there are many pe.ticular 
plant communities induced and controlled by the deer. 
The writer intends to describe the relation between the deer population and 
some kinds of the unpalatable plants at another occasion. 
SUMMARY 
1. Various growth forms of Rkodode:ndroo l{aempferi, a kind of resistant 
plants for deer, induced by deer browsing and the distribution of their communities 
in Kinkazan Island, Miyagi Prefecture were studied. 
2. The shrub was classified into five categories; i) normal form A-type, ii) 
normal form B-type, iii) simple browsed form carpet-like type, iv) simple browsed 
form cone-shaped or club-shaped type and v) compound browsed form (Fig. 1). 
3. A-type was less than 1.8 m in height and B-type was taller. The 
height of 1.8 m was the browse line of this shrub in the island. 
4. The distribution of the shrub communities is shown in Fig. 6. 
5. The communities were more abundant in the area of 200 m and higher 
altitude where the Fagus forest zone existed including the upper Abies forest zone. 
6. The communities were more abundant on the sunny ridges than in the 
humid bottomlands. 
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7. The browsed form was clearly abundant in . the west and northwest 
quadrant of the island where the deer density was the highest on the whole 
island. 
8. Some interrelations between the deer population and the distribution of 
resistant plants, deer dungs, coprophagous beetles and ticks were discussed. 
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